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A PROCESS AND DEVICE FO R 
MELTING THERMOPLASTIC MAT ERIAL 

DESCRIPTION 
BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The invention relates to a process for melting thermoplastic material, 
specifically in the form of strip-like or fibrous refuse } the material is melted 
through contact with a liquid heat-transfer medium and is llien separated from 
the heat-transfer medium. The invention also relates to a device for 
1 0 implementing the process. 

Background Description 

The prior art is acquainted with the utilization of thermoplastic polymer 
refuse which has a low powder density, for example, strip-1- ke or fibrous 
cuttings produced in businesses which manufacture synthetic fibers and plastic 
1 5 materials, and specifically with the utilization of the refuse hrough melting and 
reprocessing. 

In principle it is known to melt the thermoplastics ii! special devices in 
which a compartment, e,g. ? one with a liquid heat-transfer n ledium, is heated, 
and the heat-transfer medium does not come into contact w th the thermoplastic 
20 material The compartment can therefore take the form of 8 a extruder, while the 
heat-transfer medium is guided through the compartment wiills and through a 
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hoJlow worm-gear in order to heat these parts of the extrude r. Devices of this 
kind require relatively large amounts of energy, since the er tire melting 
compartment must be heated and the thermoplastic material is indirectly heated- 
The resulting heat losses make for a low degree of effectiveiess, 
5 It has been attempted, consequently, to melt the thermoplastic material 

in direct contact with a liquid heat-transfer medium. For ex simple, it is known to 
introduce the thermoplastic material, in the form of solid particles, into a melting 
furnace partially filled with liquid metal The solid particleu are melted in the 
course of transport, and the melt separates on the metal surf ace as the result of 

10 the lower specific gravity. Implementing this process meets with numerous 

difficulties. To avoid destroying the thermoplastic material a metal with a low 
melting temperature must be employed. Metals of this kind are generally 
aggressive, however. Furthermore, a fine dispersive comminution of the 
polymer is necessary. It is also difficult to obtain an ecologically acceptable 

15 separation of the melt from the metal 

Attempts have been made to melt organic products vriHh the aid of 
microwaves. Here the material must be placed in a microwave oven in which 
the microwaves are directed at the surface of the material. This results in a 
liquid-particle mixture, in which the particles must be further melted. After the 

20 complete melting of the material the oven is emptied and re: illed. The use of 

magnetic microwave radiation requires special safety measu res, which make the 
process and the accompanying equipment complicated and expensive. In the 
case of higher melting points, as required, e.g., in melting polyethylene, high 
microwave energy inputs are also required. 

25 In another process the thermoplastic polymer materi il is melted with the 

aid of an inert liquid heat medium. The liquid employed must be considerably 
more viscous for the melting temperature than the polymer inelt. By means of a 
mechanical pressure, which causes the mixture components to move at differing 
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speeds - a movement dependent on the viscosity - the more "riscous component 
(the heat medium) is removed from the mixture. Since high pressures are 
sometimes needed for this kind of separation of the mixture , a not 
inconsiderable energy is required for building up a sufficient mechanical 
5 pressure- This results in a reduction in the degree of efficac \l 

SUMMARY OF THE INVENTIOIS 

It is therefore an objective of the present invention is to provide a 
solution to the problem of permitting the thermoplastic mi terial to be melted 

1 0 with a high degree of efficacy while avoiding the destructi m of the 
thermoplastic material, particularly by local overheating. 

According to the present invention, the foregoing and other objectives 
are achieved in part by a process for melting thermoplastic material, 
particularly in the form of strip-like or fibrous Tefuse. The thermoplastic 

15 material is melted through contact with a liquid heat-trans: er medium and is 
then separated from the heat-transfer medium. Steam at a 1 emperature 
distinctly higher than the melting temperature of the material is used as a heat- 
transfer medium and is conducted over the introduced material. The molten or 
at least semi-molten material is entrained by the flowing si earn and is then 

20 separated from the steam at temperature lying above the ra siting temperature 
of the material, and the steam is returned to the circuit. 

Additional objectives, aspects and advantages of tt e present invention 
will become readily apparent to those skilled in this art from the following 
detailed description. As will be realized, the present inven* ion is capable of 

25 other and different embodiments and its several details are capable of 

modifications in various obvious respects, all without departing from the 
present invention. Accordingly, the drawings and description are to be 
regarded as illustrative in nature, and not restrictive. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, aspects and advantages will be better 
understood from the following detailed description of apref srred embodiment of 
the invention with reference to the drawings, in which: 
5 Fig. 1 depicts a system for melting thermoplastic material in accordance 

with an embodiment of the present invention. 

0 DETAILED DESCRIPTION OF A PREFERRED 

1 EMBODIMENT OF THE INVENTION 

O The process according to the invention is based on the continuous 

Flj ] 0 recirculation of steam as the heat-transfer medium, particu larly water vapor, 

y 5 and on the fact that melting and the separation of the molten material from the 

f \ heat-transfer medium are performed during the continuous circulation of the 

ffi steam. The material is fed to the steam circuit in such a way that the steam 

it flows around it and the material is consequently melted or semi-melted and is 

15 also drawn along by the steam. In the steam flow, only semi-molten material 
particles can at first continue to melt. The separation of the molten material 
from the steam flow then follows, and the temperature thai lies above the 
melting temperature is maintained during separation process, so that particles 
can be completely melted even during the separation process. Separation of 
20 the molten material from the steam can be performed with known methods for 
separating a liquid or solid material from a gaseous materi il 5 for example, by a 
filter material that is permeable to gases but impermeable % o liquids. Preferred 
in the context of the invention, however, is the separation of the molten 
material from the steam by means of centrifugal force, i.e., by means of a 
25 centrifugal separator. 
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The process according to the invention can be imp lemcnted with a 
high degree of efficacy, i.e., a low energy input, and requii es no additional 
energy for the transport of the molten materi aL With the melting and 
separation processes within the continuous flow of steam, the expense in 
5 terms of batch-like feed and removal of the material is avoided. Furthermore, 
the use of steam causes local condensation events to occur on the not yet 
molten particles of thermoplastic material, events which protect the material 
from local overheating as the result of a protective steam layer that arises 
through condensation of the liquid and the ensuing, renewed vaporization. 

1 0 This feature represents the basic advantage of steam usage as specified by the 
invention, particularly the use of water vapor. 

It is particularly advantageous in the invention pro cess if the steam is 
heated to a defined temperature before introduction of the material and a part 
of the heated steam is diverted after heating in order to adj ust the temperature 

15 for the separation of steam and materia]. The temperature for the separation of 
the material and the steam is also set by the water vapor, which is diverted in 
front of the melting zone for the material. 

In the melting zone the material will ideally be mo yed into the 
streaming vapor, within a container through which the vap or can flow. The 

20 container can continue outward, Le. 5 outside the steam line: and can there be 
continuously fed with more material for melting. 

For the technical process, it is highly advantageous if the flow rate of 
the mixture of steam and entrained material beyond the mdting zone is 
distinctly reduced. Here a reduction by a factor greater thsmlO is 

25 advantageous; ideally the reduction wil] be by a factor of 20. The high flow 
rate required for the energy input into the material being melted and the 
entrainment of the molten or semi-molten material is not r. eeded for the 
further transport and continued energy exchange between ihe steam and the 
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material. Thus, with the reduction of the flow rate the lins: length required for 
the necessary contact period can be reduced and, furthermore, the flow rate 
that is workable in the separating device can be accommoiLated. 

For conventional thermoplastic materials it is advantageous if the 
5 temperature of the steam entering the melting zone is set in a range from 300 
to 500° C, ideally 400 to 500° C. The flow rate of this steum will best lie 
between 80 and 100 m/s and ideally between 90 and 100 ni/s. The density of 
the steam for contact with the material being melted will ideally be adjusted to 
LIS to L25 kg/m 3 in order to achieve a sufficient protecti'/e effect of the type 

10 described above for the material particles. 

A device suitable for implementing the process according to the 
invention exhibits a fan for the continuous circulation of si;eam in a 
conducting circuit; at least one nozzle for the controlled ir traduction of liquid 
into the steam current; a steam heater and attached to it a melting 

15 compartment in which the material projects into the flow nf steam; and a 
heated separator stage for separating the steam from the molten material. 

To heat the separator stage a branch line upstream from the melting 
compartment will ideally branch off and open into a housing for the separator 
stage. The separator stage here can exhibit a closed separator compartment, 

20 which, with the housing, forms a heating space through wJ itch the steam 

passes and from which an outlet line opens into the conducting circuit for the 
steam. 

To reduce the flow rate of the steam/material mixti ire downstream 
from the melting compartment it is expedient to insert between the melting 
25 compartment and the separator stage a conducting component with a flow 
cross-section that is distinctly enlarged as compared to the melting 
compartment. The invention will next be explained in grez ter detail on the 
basis of an exemplary embodiment shown in the drawing- 
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The single figure shows a fan 1 that serves to circulate the water vapor 
in a dosed conducting circuit for the water vapor. The far produces the 
necessary speed in the steam current. Attached to the fan i s a nozzle device 2, 
which by spraying water will establish the needed steam d.snsity in front of a 
5 steam heater 3. The steam healer 3 is a cylinder-shaped compartment, with a 
braking mechanism for the steam flow in the fonn of a cress-sectional 
enlargement and with a steam accelerator in the form a crc ss-sectional 
reduction. 

In the steam heater 3 the steam is heated to temperatures from 300 to 
C; 10 500° C. There follows another nozzle device 4 in which water is sprayed into 
iJ a cavity for the flow, specifically in order to regulate the p: essure. The steam 

g\ thus conditioned reaches a steam flow distributor 5 ? from which a branch line 

Kj'j 1 1 diverges. With the flow valves 5\ 5" the volumetric fit »ws can be adjusted 

H 1 for the branch line and the main line. In the main line the .itteam flow 

1 5 distributor is followed by a melting compartment 6, which is designed as a 
j_l s throughput melting compartment for the uninterrupted me! ting of the 

thermoplastic material. The melting compartment 6 is thu ii located within the 
N= steam line. Projecting into the melting compartment 6 is a lower part 6' of a 

housing for the reception of the material being melted Ad upper part 6" of 
20 the housing projects out of the line and can be continuously fed outside of the 
conducting circuit with new material for melting. 

Adjoining the melting compartment 6 by way of a cross-sectional 
enlargement T is a melt line 7, whose other end is connectisd to the inlet of a 
separator stage 8. The separator stage 8 exhibits an inner s saled separator 
25 compartment 8% which is enclosed by a housing 10. Betw ,;en the housing 10 
and the separator compartment 8' is a heating space 10' through which steam 
can pass; the lower end of this heating space 1 0 1 is connect ed to the branch 
line 1 1 and its upper end is connected to a removal line 12. Guidance of the 



3129-001 US-1 



16/11 T 01 14:40 FAX +49 531 2S14028 



Gramra Lins & Partner GbR * WHITHAM, CURTIS @013 



8 

flow within the separator compartment 8 4 causes a centrifugal acceleration of 
some magnitude in the steam/material mixture, with the re: suit that the molten 
material runs downwards along the walls of the separator compartment 8', 
while the steam passes through an outlet line 8'* into a collecting return line 9, 
5 in which the steam, together with the steam from the removal line 1 2, is 
aspirated by the fan 1 ? thereby closing the conducting circ xit 

By means of the nozzle devices 2, 4 and the steam heater 3 the melting 
compartment 6 is fed with water vapor with a density from 1.12 to L15kg/m 3 , 
with a speed of ideally 90 to 100 m/s and a temperature of 300 to 500° C. The 
10 heated steam is blown at a high speed onto the polymer pieces in the lower 
housing part 6' and brings them to the melting point. At the same time, it 
removes molten droplets from the material and draws them along. This also 
makes possible the removal of unmelted parts. 

The steam current enters the melt line 7 together v> Lift the moJten and 
15 unmolten pieces of material- Due the cross-sectional enlar gement T the speed 
of the steam current with the molten mass drops to 4 to 5 ro/s. The mixture is 
guided through the centrifugal separator 8 preheated by tho hollow space 10', 
where it is separated into the polymer melt itself and the water vapor. Here 
the pieces that are not fully melted, which are located in ft e steam flow and 
20 then in the preheated centrifugal separator 8 ? are gradually melted. The 

polymer melt is thrown by the centrifugal forces against fh e walls of the outlet 
8' and flows down the walls. The steam separated from tt e melt is aspirated 
by the fan 1 along the collecting line 9. 

Compiled in the following table are the optimal da.a on the 
25 implementation of the invention process with respect to th s productivity of the 
melt formation as a function of the steam temperature and the steam speed. 
The date indicated in the table apply particularly to the melting of 
polyethylene. 
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Steam 


Steam Speed 


Melt Productivity 




Temperature 


(Qkg/h) 


Remarks 


(T°C) 


(Vm/s) 






I 


2 


3 


4 


100 


60 


8 


mcov tplete melting of initial 




SO 


8.2 


raw n taterial 




100 


9.4 






120 


9.3 




200 


60 


21 


Melt uutflow wilh low 




80 


24 


plastirity 




100 


25.5 






120 


25 




300 


60 


43.8 


Good outflow of melt 




80 


57.4 






100 


60.5 






120 


58.4 




400 


60 


58.1 


High outflow of melt 




80 


64.1 






100 


73.3 






120 


67.2 




500 


60 


60.1 


Occurence of disruptive 




80 


65.2 


clcm'sats in (he melt 




100 


74.0 






120 


66.7 




550 


60 


44.7 


Sharp Inciease of disruptive 




80 


56.8 


elem.fDts; reduced melt 




100 


60.9 


outflow 




120 


57.1 





While the invention has been described in terms o: a single preferred 
embodiment, those skilled in the art will recognize that this invention can be 
practiced wilh modification within the spirit and scope of ':he appended 
claims. 
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